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Sustainability Working Group 
(added to 5 LDG Expert  Panels) in 
January 2024

LDG: CERN Advisory Committee to 
supervise development of the roadmap for 
the accelerator R&D 



WG Mandate and Composition
Development of Guidelines and a minimum set of Key Indicators for the 
sustainability assessment of future accelerators

Walib Kaabi                  iSAS, PERLE
Roberto Losito             CERN sust. panel   
Ben Shepherd             STFC sust. Task Force 
Andrea Klumpp            DESY sust. panel
Hannah Wakeling        ISIS-II Neutron & Muon 
Source
Patrick Koppenburg     NIKHEF sust. panel

Johannes Gutleber      FCC
Yuhui Li                       CePC     
Benno List                   ILC
Emilio Nanni                ICFA and CCC
Vladimir Shiltsev         LHeC, FCC-eh
Steinar Stapnes          CLIC, Muon collider

Caterina Bloise           Co-Chair
Maxim Titov                Co-Chair, EU-EAJADE

in the Editorial Board  also

Enrico Cennini            CERN Procurement Service
Beatrice Mandelli        CERN DT group
Thomas Schoerner     ILC sustainability studies WG

Panel consisting of 14 members with technical expertise in evaluation of 
accelerator sustainability and future collider project representatives 

Ensuring broad community  
representation:

• Sustainability Lab. Panels  
established at CERN, DESY, ESS, 
NIKHEF, STFC 

• ICFA Sustainability Panel
• EU- Horizon Programs
• Future accelerator projects: FCC, ILC, 

CePC, CLIC/Muon, LHeC, C3

• Invited experts on specific topics



Working Group Activity
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Broad range of topics shared 

• Reports from CERN and STFC sustainability panels, ESS, 
Snowmass ITF 

• Evaluations carried out for future Higgs factories, FCC, 
ILC, C3 and CePC

• On key LCA issues

• Invited contributions on Decarbonisation for Large RI,  
H.Pantelidou (ARUP), on LCA of engineering civil works 
for the FCC, D. Mauree (WSP), Eu-Horizon Project RF2.0, 
G. DeCarne (KIT), Reduction of GHGs in particle 
detectors, B. Mandelli (CERN)

WG Report is being elaborated
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Working Group Report

Structure and basic content suggested by 
reports to the WG and follow-up discussions

Draft report is expected by end of 2024

Report as an input document to the ESPPU 
due by March 2025                                       

An homogeneous evaluations of all issues will 
probably need more time to develop and 
deserves a strategy to be pursued
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• Editorial work assigned, Report 
elaboration advanced, most of the 
topics drafted 

• Content:
• Presentation of relevant topics

• Comments and questions to be 
addressed 

• Some proposals for 
recommendations to be discussed

• Focus is on sustainability 
assessment of projects  for future 
colliders 

Work Progress Status



Report :  Social-Economic Benefit Analysis

• Social - Economical Benefits of HEP Research Infrastructures in Relation to the UN 
Sustainability Development Goals (environment, economy, society)
• SDG Reference Matrix from UN (2024)

• Accelerator and Detector R&D (strategic ECFA R&D Roadmap)
• Economic growth (regional, international, developing countries)
• Education, Innovation, International Cooperation, Cultural Exchange
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• Comprehensive sustainability assessment based on 
Cost-Benefit Analysis: 
• Guidelines on cost estimation of RI from ESFRI 

(2019)
• EU Policies

• Global Reporting Initiative
• European Sustainability Reporting Standards
• European Union Eco-Management and Audit 

Scheme (EMAS)
• EC Economic Appraisal Vademecum 2021-

2027
• National Guidelines ( France, Germany, 

Switzerland, …)
• Carbon Footprint Accounting and Reporting

• Shadow Carbon Cost

Reference for the integrated model FCC



Report :  Life-Cycle Assessment

• Life-Cycle Assessment for Future Accelerators – Methodology and Reporting:
• Goal and Scopes
• Methodology

• Impact Categories
• Midpoint and Endpoint Categories

• Impact of Emission on Climate Change, GWP100

• Beyond GWP : ReCiPe2016, ILCD2011, CML-IA2012
• Life Cycle Inventory

• Construction Phase
• Operation Phase
• Decommissioning Phase

• Assessment
• Interpretation
• Evaluation of Uncertainties
• Environmental Product Declaration
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B. List
H. Wakeling



Life-Cycle Assessment (LCA) : Goal and Scope
Product, System, Process to be evaluated within declared boundaries
Goal and Scope depend on the phase of the accelerator project and to the target : Researchers, 

Management, Authorities, Public

– functional units: accelerator, supporting infrastructures, cryogenic systems, detector, computing
– Boundaries: Cradle-to-gate, Cradle-to-grave 
– Methodology: Impact Categories Analyzed

H. Wakeling



LCA categories
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Conversion factors used in the evaluation 
of Midpoint categories are usually 
considered reliable

Endpoint evaluations are obtained by 
weighting results obtained on Midpoint 
ones

A number of categories classes exist                                     

European Production Declarations from 
the International Reference Life Cycle 
Data system (ILCD) follow EN 15804

ReCiPe2016



• Green House Gas Emissions footprint for future accelerator facilities: 
Developing a tool and guidance for quantification could be a good recommendation for 

the strategy: e.g. evaluate and optimise CO2 impact in a staged approach at early concept 
phase, CDR and TDR levels over the full lifecycle 

• Civil engineering works      LCA studies for accelerator infrastructure (e.g. tunnels, 
caverns) and Civil engineering (LCA A1-A5) 

- Excavated Material
• Accelerator construction: early assessment of areas with the largest emission, beam 

line shielding, steel girders and supporting structures, magnets, RF cavities, power 
supplies, material manufacturing 
• Accelerator operation: power for: air conditioning and water cooling, cryogenic plants,    

RF and klystrons, Magnets

• Operation of Particle detectors and computing: 
- Impact of gases for particle detectors

• Decommissioning: 
- Radioactive waste
- Recycling
- Reuse

Report : GHG Emissions
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Green House Gases Emissions
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https://ecochain.com/blog/scope-1-emissions-explained/

According to the 2015 Paris Agreement carbon emissions have to be halved by 2030. 

LCA Boundaries for reporting on GHG emissions are often categorised into Scope 1, 2, 3



Decarbonisation and Large HEP RI
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Reference: CERN Environment Report 2021-22

CERN publishes 
environmental reports 
following standards of 
Global Reporting Initiative 
since 2017

CERN has developed a 
strategy for energy sourcing 
and monitoring obtaining the 
ISO50001 certification for 
energy management

Scope 1 Direct Emissions: 
@LHC are  dominated by 
gas mixtures used by 
particle detectors and 
detector cooling

Scope 2 Emissions (Energy 
Consumption): location-
based methodology provides 
emission factors depending 
on energy sources in use



Mitigation and Compensation Strategies, Decarbonisation and Impact Reduction

• Optimization of large civil & accelerator construction footprint & better/greener 
materials (inventory of concrete, steel, Cu, niobium)

• Responsible procurement
• Energy/power optimization (improving energy efficiency of key technologies) and 

recuperation (heat management, ERL, …)
• Heat Recovery and supply
• Investment in R&D on green technologies
• Nature-based interventions for carbon removal (e.g. environmental studies, 

integration in local environment )

Annexes:
Snowmass process and P5 Report
Plans to reduce accelerator energy consumption in China
Obligations, Legislation

Report : Mitigation and Compensation Strategies
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Summary and Outlook
Summary and Outlook

• The WG mandate is to develop a motivated list of key parameters for the sustainability 
assessment of future accelerators

à inputs from different sustainability initiatives and panels

• Sustainability assessment for future large-scale accelerator infrastructures is quite 
complex

à assessment criteria needs to be properly tuned to the maturity of the project
à differently developed for Researchers, Management and Society

• Editorial group has advanced in writing the Report aiming to elaborate a proposal for the 
LDG on time to be submitted as an input to the ESPPU in March 2025



Europe-Horizon Sustainability - Supporting Programs
✓ Innovation Fostering in Accelerator Science  and 

Technology (I.FAST): https://ifast-project.eu

✓ Europe-America-Japan Accelerator Development  
Exchange Programme (EAJADE):  
https://www.eajade.eu/

✓ Innovate for Sustainable Accelerating Systems (iSAS): 
https://indico.ijclab.in2p3.fr/event/9521/

ESS also participates in iFAST (addition of solar panels 
to power modulators) and FlexRICAN (studying 

flexibiility in power supply) 

https://indico.cern.ch/event/1326603/timetable/#20240215.detailed 

https://indico.cern.ch/event/1326603/timetable/#20240215.detailed 

https://wsfa2023.huhep.org/



• Overall system design
– Compact accelerator -> high gradients, high field magnets 
– Energy efficient -> low losses
– Effective -> small beam sizes to maximize luminosities 
– Energy recovery concepts 
– Civil engineering including landscaping and “community” 

integration 

• Subsystem and component design
– High-efficiency cavities and klystrons
– Permanent magnets, HTS magnets 
– Heat-recovery. e.g. in tunnel linings, possibly other components 
– Responsible sourcing and material choices for all parts

• Sustainable operation concepts
– Renewables 
– Adapt to power availability
– Exploit energy buffering potential
– Recover energy 

Approaches to Increase Sustainability



Open Questions: Regional versus Globally Averaged Impacts
• Carbon intensity of electricity production varies 

enormously across regions &countries
à reference values for assumed CO2 
intensity of electricity for relevant regions/labs

• Carbon intensity of materials also varies
– Different local standards
– Different geology, primary minerals, concentrations
– Different carbon intensity for local energy, esp. 

electricity (-> copper, niobium)

• Civil construction: steel and cement mostly 
from local sources, adhere to local codes 

• Result of LCA depends heavily on 
– Source of used materials
– Construction and operation site
– LCA Method: use local values or global averages

Should one evaluate impacts using site-specific 
or globally averaged impact values?

à or use general LCA database and move to   
more local information as the project matures 
(for materials CO2 content) ? IEA (2022), World Energy Outlook 2022, IEA, 

Paris https://www.iea.org/reports/world-energy-outlook-2022, 
License: CC BY 4.0 (report); CC BY NC SA 4.0 (Annex A)

https://ourworldindata.org/grapher/carbon-intensity-electricity

B. List 



Life-Cycle Assessment: Targets and Issues

Ultimate Goal: 
Collect and provide data in 
tabular form, provided and 
endorsed by the projects, for 
a figure as shown below

optimize facility (internal); recommend  improvements (Lab/FA); communicate to public (society)

LCA standards for the assessment of future accelerator infrastructures are not set:

- Common approach how to report and evaluate the data for accelerator RI’s (which impact 
categories, treatment of CO2 intensities, attribution of impacts to long term projects);

- Common table for sustainability parameters, esp. GWP;
- ISO standards may be too rigid for accelerators to perform full LCA à “simplified LCA”;
- Many LCA software available à different packages can give different results (data handling)
- LCA database is the most impactful element (global vs. local, age of database, accelerators use 

non-standard materials, often not available);
- Are there relevant differences in Standards / Methods (e.g. Midpoint ReCiPe 2016 (ILC) vs 

Endpoint EN 17472  (FCC)) that need to be addressed?

(E.g. metric to compare the carbon 
costs of Higgs factories, balancing 
physics reach, energy needs, and 
carbon footprint for both 
construction and operation)

B. List, 
H. Wakeling

E. Nanni, M. Breidenbach et al., PRX Energy 2, 047001



The Future: Fluctuating Energy Sources, 
Power Purchase Agreements, Running on Renewables

Switch to carbon-neutral energy sources &enabling framework for renewables: 
- power purchase agreement (PPA) - long-term contract for the electricity supply (~ 20 years)

A. Sunesson 

Study by Fraunhofer institute (2018) considered running 
CLIC (380 GeV)  for a total power of 200 MW (in reality 
only 110 MW needed) on renewables and participating in 
demand side flexibility:

• CLIC’s total energy consumption could be generated 
from renewables (using local solar plant of 330 MWp a 
local wind farm of 220 MWp), but still needs public grid 
for continuity

• Operating modes with power modulation were 
investigated

https://edms.cern.ch/document/2065162/1 

Power
purchase

agreement

• full collider operation at times of high grid production
• reduced operation or standby modes with fast L recovery otherwise

Linear 
Colliders

R. Losito 



• Identifying relevant initiatives to complement 
decarbonisation efforts: 
- prioritising nature-based interventions  

within and around RI’s, integration in 
local environment as part of the asset 
management  (e.g. CERN generally, 
Green ILC concept)

- potential to contribute towards carbon   
removal through environmental enhancement

Decarbonisation: Prioritising Nature-Based Interventions

J. Gutleber, FCC Renewable Energy Supply Feasibility Study,
https://zenodo.org/records/10023947 

“Green ILC Concept” – paper in preparation, to 
be completed by end of 2024

Construction of accelerator large-scale RI’s has to face decarbonisation path, 
with the associated increase of the shadow Carbon cost over the years 


